The increasing energy demand challenge, in addition to the crises of mineral oils depletion that becoming a very serious topic. As the main fuel used in energy production for all scopes of life now is the fossil fuels, there is an urgent need to find out an alternative fuel to fulfill the energy demand of the world. The feasibility of biodiesel production from palm oil was investigated with respect to its fuel properties and blending characteristics with petroleum diesel. Though biodiesel can replace diesel satisfactorily, problems related to fuel properties persist. In this study an oxygenated additive butanol (BU) was added to palm oil biodiesel (POME)-diesel blend B50 (50% POME + 50% diesel) in the ratios of 1%, 3%, 5% and 7% and tested for their properties improvement. The results showed slight improvement in acid value, significant viscosity and density. Maximum decrease in pour point by 6 o C at 5% butanol, on the other hand maximum decrease in energy contenent about 11% at 7% butanol compare to blended fuel B50.
Introduction
The availability and sustainability of biodiesel feedstocks will be the crucial determinants in the popularization of biodiesel [1] . Biodiesel (a mixture of mono-alkyl esters of saturated and unsaturated long-chain fatty acids) generally has a higher cloud and pour point (CP and PP), density, and kinematic viscosity as well as the acid value compared to diesel.
Fuel injection systems measure fuel by volume, and thus, engine output power influence by changes in density due to the different injected fuel mass [2] . Thus, density is important for various diesel engine performance aspects. The use of fuel with a high kinematic viscosity can lead to undesired consequences, such as poor fuel atomization during spraying, engine deposits, wear on fuel pump elements and injectors, and additional energy required to pump the fuel [3] . The fuel energy content has a direct influence on the engine power output [4] . The biodiesel energy content is less than that of mineral diesel , therefore using of additive most not worsen the energy continent of the POME fuel.
Palm biodiesel-diesel blends up to B40 can be directly used in the diesel engines without making any engine modifications [5] . Therefore, the first objective of the current study was to characterize the properties of the palm oil methyl esters (POME) and blended fuel B50, including the energy content and low temperature operability. The second objective was to improve the low temperature operability of blended fuel B50 through addition of small portion of butanol additive. Of additional interest was a comparison of B50-BU fuel properties at different additive portion to the ASTM D6751[23] and EN 14214 [6] , the American and European biodiesel standards, respectively. The low temperature operability of the resultant B50-BU blends was ascertained through measurement of cloud point (CP) and pour point PP. Also of interest was the influence of butanol addition on the kinematic viscosity (40 o C), density (15 o C), acid value (AV), and energy content of blended fuel B50.
Materials and Method
Palm oil biodiesel (POME) was supplied by local commercial company in Selangor, Malaysia. Diesel fuel was provided by a commercial fuel manufacturer. Samples of palm oil methyl ester and petroleum diesel were prepared as B50 (50%vol. POME + 50%vol. diesel) through mixed and blended using electrical magnetic stirrer shown in Fig. 1(a) . The mixtures were stirred continuously for 20 minutes. Then, BU was added in to blended fuel at low stirring rate. The mixtures were stirred continuously for additional 20 minutes and left for 30 minutes to reach equilibrium at room temperature before they were subjected to any test. The use of BU has also some limitations, such as lower lubricity, reduced ignitability and cetane number, higher volatility and lower miscibility [7] which may lead to increased unburned hydrocarbons emissions. Therefore, BU was add at small proportions of 1%, 3%, 5% and 7% by volume to blended fuel, which corresponded to B50-BU1, B50-BU3, B50-BU5 and B50-BU7 fuels, respectively. 
Results and discussions
Cloud point and Pour point results. B50-BU blends improved low temperature operability compared to unblended POME since the freezing points of BU (-90 o C) are substantially below the temperature at which biodiesel typically undergoes solidification.
Addition of BU to B50 does not effected CP, while increasing BU content from 0 to 7% resulted in a non regular decline in PP. Fig. 2 , shows the variations of the PP for blended fuel B50 with the volumetric percentage of the BU. The minimum value of PP for B50 was -4 o C at 5% BU. The low-
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Density results. The densities of B50-BU blended fuel produced in this study are very close to each other and in the range of 859-863.4 kg/m 3 for B50-BU7 and B50 respectively. They are suitable for the ASTM and EN standards and slightly higher than those of the diesel fuel 847 kg/m 3 . Fig. 3 , presents the variation of density values for B50 with E Portion. It is clear that the density of the fuel decreases with rising of BU portion in the mixture. The density of the B50-BU blend decreased linearly with a higher volumetric percentage of the BU, indicating that the additivity for the volume. Excellent agreement between the measured and estimated values of the density of the B50-BU blends at 15 o C is given by:
Where x is the volumetric percentage of the butanol (vol.%). These results are in agreement with a previous study [8] that determined blends of microalgae oil biodiesel and its blends with petroleum diesel. The density of the B50-BU blends can satisfy the specifications for diesel and biodiesel blends, listed in the standards.
Viscosity results. The viscosities of blended fuel vary in the range of 3.68 and 4.0 mm 2 /s for B50-BU7 and B50 respectively. All B50-BU blends, as well as B50, satisfied the kinematic viscosity specification contained in ASTM D6751. The viscosity of the blend increases as the BU portion increases in the fuel mixture as observed from Fig. 4 . Similar to density, the kinematic viscosity of the B50-BU blend decreased linearly with a higher volumetric percentage of the BU. The kinematic viscosity at 40 o C can be described by Eq. (2) for the B50-BU blends, with a linear relationship:
Kinematic Viscosity (mm2/s) = -0.0474x + 4.0393 R² = 0.9526 (2) Where x is the volumetric percentage of the butanol (vol.%). Likewise density, the kinematic viscosity of the B50-BU blends are in agreement with a previous study [8] that determined blends of microalgae oil biodiesel and its blends with petroleum diesel.
The density and kinematic viscosity of the B50-BU blends can satisfy the specifications for diesel and biodiesel blends, including ASTM D975, ASTM D7467 and EN 14213 for all the studied butanol portions.
Acid value. Addition of BU to the blended fuel B50 improved the acid value (AV) of the fuel, where slight reduction in AV was achieved by increasing BU portion. The acid value is determined using the ASTM D664 and EN 14104. Both standards approved a maximum acid value for biodiesel of 0.50 mg KOH/g [9] . Fig. 5 , shows acid value profile of B50-BU blends, the acid value decrease by approximately 12% at 7% E additive, by volume with a maximum acid value for B50 was 0.33 mg KOH/g. This was expected, as BU will dilute the free fatty acids present in POME, resulting in a reduction in AV. The acid value of the B50-BU blend satisfies the requirement of ASTM D6751-06 and EN 14104 Standard for all blending range.
Heating value, heat of combustion. Heating value, heat of combustion is the amount of heating energy released by the combustion of a unit value of fuels. One of the most important determinants of heating value is the moisture content of the feedstock oil [10] . The heating value is not specified in the biodiesel standards ASTM D6751 and EN 14214 but is prescribed in EN 14213 (biodiesel for heating purpose) with a minimum of 35 MJ/kg [11] . Fig. 6 , shows that the heating value of the B50-BU blend decreased slightly with increasing volumetric percentage of the BU. A minimum heating value for B50-BU7 was 38 MJ/kg, which is about 11% less than the heating value of the blended fuel B50. The heating value of the B50-BU blend satisfies the requirement of EN 14213 Standard for all blending range. 
Conclusions
The objective of this study was to characterize how the key fuel properties changed when butanol was added to palm oil methyl esters-diesel blends B50. According to the experimental results; the density and kinematic viscosity of B50-BU blend significantly decreased with the increase of BU concentration in the blended fuel and displayed satisfactory fuel properties for all blending ranges. Similarly, the acid value of B50-BU blends slightly improved with increasing BU content. Likewise, increasing BU content in blended fuel B50 resulted in a significant difference in low temperature performance, with Maximum decrease in pour point by 6 o C for B50-BU5 compare to B50. On the other hand, the additive does not affect the cloud point of the blended fuel. In general, the heating value decreases slightly with increasing BU portion in the blends. B-BU7 has the minimum heating value about 11% less than the heating value of the blended fuel B50, which is still satisfy the limits of the EN 14213. Finally, B50-BU blends exhibited slightly superior low temperature performance, acid value, viscosity and density with slight lower energy continent in comparison to B50 and may be suggested as suitable choice when considering biodiesel diesel blended fuel with additive 140 4th Mechanical and Manufacturing Engineering
